) is a key mediator of cartilage matrix degradation in osteoarthritis and rheumatoid arthritis. It was found that the IL-l-induced suppression of glycosaminoglycan (GAG) synthesis in rat articular cartilage occurred simultaneously with the accumulation of nitrite (a metaboHte of nitric oxide (NO) in aqueous milieu) in the culture medium. NO-synthase inhibitors, L-NMMA and L-NIO, inhibited both these IL-1 effects. Dexamethasone suppressed GAG synthesis additively to IL-1, but did not alter nitrite accumulation. Three NOdonors (GEA 3175, SNAP and SIN-l) also had an inhibitory effect on cartilage GAG synthesis. Therefore, it is concluded that IL-1 induced suppression of GAG synthesis in rat articular cartilage is mediated by the production of NO.
Introduction
Loss of matrix proteoglycans from articular cartilage is one of the key events in the early stages of destructive joint diseases such as osteoarthritis (OA) and rheumatoid arthritis (RA). This leads to decreased resistance of articular cartilage against compressive load, which is followed by development of fissures and progressive destruction of articular cartilage. Interleukin-1 (IL-1) is a cytokine known to decrease proteoglycan synthesis in articular cartilage.
1-3 IL-1 also stimulates the synthesis of major cartilage degrading enzymes, collagenase and stromelysin, in chondrocytes and synovial cells. -5 Recent reports show that nitric oxide (NO) synthesis is increased in arthritic joints.
-1 NO is synthesized from the amino acid L-arginine in a reaction catalysed by two distinct enzymes; constitutive NO synthase (eNOS) releases small amounts of NO in response to physiological stimuli while inducible NO synthase (iNOS) produces higher amounts of NO when expressed by certain cytokines or bacterial products [for reviews, see To assure the association of NO synthesis with the inhibitory effects of IL-1 on GAG synthesis, the effects of two competitive inhibitors of NO synthesis were studied. At concentrations needed to achieve a major inhibition of nitrite accumulation, L-NMMA (1000 ltiM) and t-NIO (50 btM) themselves caused a 16% and 17% reduction in GAG synthesis, t-NMMA and t-NIO diminished both IL-1 (3 ng/ml)-induced nitrite accumulation and inhibition of GAG synthesis (Fig. 2) . IL-1 alone caused 33% inhibition of GAG synthesis. In the presence of t-NMMA (1000 btM) the reduction due to IL-1 was only 2%. The correspond- Interleukin-1 (ng/ml) (Fig. 4) .
Discussion
IL-1 is a well-established mediator of inflammation and cartilage destruction in both OA and RA. 5 2, 7 measure almost twice as large an inhibition of GAG synthesis as was found in this study. This difference is probably due to methodological differences between the studies. In the present work the radiolabelled sulphate was added to the culture concomitantly with IL-1 whereas in most of the recent studies it was added after the 6-12 h lag period needed to achieve the inhibitory action of IL-1 on GAG synthesis. 2, 7 In its target cells IL-1 binds to specific cell surface receptors and the expression and suppression of a wide range of genes takes place. 8 Even though the biological effects of IL-1 on GAG synthesis in articular cartilage tre well known, the second messenger cascade triggered by IL-1 remains obscure. 37 during the processing of this manuscript.
The NO production in rat articular cartilage in response to IL-1 was decreased after supplementation of medium with higher concentrations of Larginine. This phenomenon has earlier been recorded in lapine articular chondrocytes, suggesting a rather high affinity of the chondrocyte NOS for the endogenous t-arginine. 15 In our study t-arginine alone, as well as t-NMMA and t-NIO, suppressed GAG synthesis thus giving additional data to the earlier suggestions of undefined toxic effects of higher concentrations of t-arginine on the articular chondrocytes 5 and -arginine analogue inhibitors of NOS on other tissues. 12 A number of isolforms of iNOS have been described. 14 The expression of the iNOS is inhibited by glucocorticoids in several cell types, such as macrophages and endothelial cells. [11] [12] [13] [14] In articular cartilage, IL-1 induced production of NO was not altered by dexamethasone, confirming similar observations in human and rabbit chondrocytes. 1<17 Besides, dexamethasone had an inhibitory effect on GAG synthesis, which was additive to that of IL-1.
The clinical and subjective improvement of the RA and OA patients after glucocorticoid treatment is thought to be mediated by the inhibitory action of glucocorticoids on the synthesis of proinflammatory cytokines, prostaglandins and proteolytic enzymes. 449 The present findings of the additive suppressive effects of dexamethasone and IL-1 on GAG synthesis and the failure of dexamethasone to prevent the induction of NO synthesis in articular cartilage could be regarded as unfavourable events in the pathogenesis of cartilage destruction. Furthermore, these findings support the assumption of StefanovicRacic et al. 23 that the insensitivity of iNOS to glucocorticoids in articular cartilage might partly explain why anti-inflammatory steroids fail to retard the cartilage destruction in arthritic joints even though they suppress the inflammatory action.
In conclusion, these observations suggest that the effects of IL-1 and glucocorticoids on rat articular cartilage GAG biosynthesis are mediated by different intracellular mechanisms, which in the case of IL-1 seems to be NO.
